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AMENDMENTS TO THE CLAIMS 

Please amend the claims as set forth below in marked-up form. 

1 . (Original) An ultrasonic apparatus for measuring the concentration and flow rate of a 
sample gas, comprising: 

a conduit for flowing the sample gas; 

a first ultrasonic transmission-reception device mounted to the inside of the conduit; 

a second ultrasonic transmission-reception device mounted to the inside of the conduit to 
face the first ultrasonic transmission-reception device; 

a transmission-reception switch for switching the operation mode of the first and second 
ultrasonic transmission-reception devices between a transmission mode for transmitting ultrasonic 
waves and a reception mode for receiving ultrasonic waves; 

a temperature sensor, disposed in the conduit, for measuring the temperature of the sample 
gas flowing through the conduit; 

the first ultrasonic transmission-reception device generating forward ultrasonic waves 
relative to the flow direction of the sample gas when the device is in the transmission mode and 
generating backward waveform when the device is in the reception mode on the basis of the 
received ultrasonic waves generated by the second ultrasonic transmission-reception device; 

the second ultrasonic transmission-reception device generating backward ultrasonic waves 
relative to the flow direction of the sample gas when the device is in the transmission mode and 
generating forward waveform when the device is in the reception mode on the basis of the received 
ultrasonic waves generated by the first ultrasonic transmission-reception device; 

means for generating trigger signals when the forward and backward waveforms pass over a 
predetermined level; 

means for generating forward and backward zero-cross signals when the forward and 
backward waveforms pass over a zero level; 

propagation time calculation means, coupled to the temperature sensor, the trigger signal 
generating means and the zero-cross signal generating means, for (1) calculating a possible 
propagation time range on the basis of the gas temperature detected by the temperature sensor, (2) 
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determining whether or not the phases at which two first trigger signals, respectively generated on 
the basis of the forward and backward waveforms, coincide with each other, (3) processing the zero- 
cross signals so that the phases coincide with each other if they do not coincide with each other, (4) 
obtaining reference zero-cross time instant by calculating mean value of the forward and backward 
zero-cross time instants, (5) obtaining an ultrasonic reception point by subtracting an integral 
multiple of the cycle of the ultrasonic waves so that the results of the subtraction falls into the 
possible propagation time range and (6) estimating the ultrasonic propagation time on the basis of 
the ultrasonic reception point. 

2. (Original) An ultrasonic apparatus according to claim 1 wherein the distance along 
the conduit between first and second ultrasonic transmission-reception devices is selected so that 
only one result of the subtraction falls into the possible propagation time range determined over 
possible working conditions of the ultrasonic apparatus. 

3. (Currently amended) An ultrasonic apparatus according to claim 2 wherein the 
distance along the conduit between first and second ultrasonic transmission-reception devices is 
sleeted to satisfy the following relation. 

(Ls/C m in(T m j n ) - Ls/C max (T m in)) < 1/f 

where: 

L^: propagation length (m) 

f: frequency of the ultrasonic waves in the sample gas 

C m in(T m in): the lower limit of the ultrasonic velocity (m/sec) through the sample gas at the 
lowest working temperature T m i n (Celsius degrees) 

C m ax(T mi „): the upper limit of the ultrasonic velocity (m/sec) through the sample gas at the 
lowest working temperature T m i n (Celsius degrees) 

4. (Original) An ultrasonic apparatus according to claim 1 wherein the inner radius of 
the conduit is selected so that the difference between the forward and backward propagation time is 
smaller than the cycle of the ultrasonic waves under the working condition of the sample gas. 
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5. (Currently amended) An ultrasonic apparatus according to claim 1 wherein the inner 
radius of the conduit is selected to satisfy the following relation 

[[L]]y(Crf 
4[L]]LJ(C^ 

where: 

L s : propagation length (m) 

R: inner radius of the conduit (m) 

f: frequency of the ultrasonic waves in the sample gas 

Cmin(T m in): the lower limit of the ultrasonic velocity (m/sec) through the sample gas at the 
lowest working temperature T m i n (Celsius degrees) 

Q max : the upper limit of the sample gas flow rate (litter/min) 

6. (Currently amended) An ultrasonic apparatus according to claim 1 wherein the 
conduit includes a straight potion and perpendicular portions perpendicularly connected to the ends 
of the straight portion; 

the first and second ultrasonic transmission-reception devices are disposed in the 
perpendicular portions to face the ends of the straight portion; and 

the distance between the first and second ultrasonic transmission-reception devices and the 
respective ends of the straight portion of the conduit satisfying the following relation. 

0<D<^ a /€ fxr 2 /C 

D: the distance (m) between the first and second ultrasonic transmission-reception devices 
and the respective ends of the straight portion 

f: frequency of the ultrasonic waves in the sample gas (Hz) 

r: inner radius of the conduit (m) 

C: velocity of the ultrasonic waves (m/sec) 

7. (Original) A method of measuring the concentration of sample gas flowing through a 
conduit, comprising the steps of: 
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generating forward ultrasonic waves relative to the flow direction of the sample gas; 
generating backward ultrasonic waves relative to the flow direction of the sample gas; 
measuring the temperature of the sample gas flowing through the conduit; 
generating trigger signals when the forward and backward waveforms pass over a 
predetermined level; 

generating forward and backward zero-cross signals when the forward and backward 
waveforms pass over a zero level; 

calculating a possible propagation time range on the basis of the gas temperature detected by 
the temperature sensor; 

determining whether or not the phases at which two first trigger signals, respectively 
generated on the basis of the forward and backward waveforms, coincide with each other; 

processing the zero-cross signals so that the phases coincide with each other if they do not 
coincide with each other; 

obtaining reference zero-cross time instant by calculating mean value of the forward and 
backward zero-cross time instants; 

obtaining an ultrasonic reception point by subtracting an integral multiple of the cycle of the 
ultrasonic waves so that the results of the subtraction falls into the possible propagation time range; 
and 

estimating the ultrasonic propagation time on the basis of the ultrasonic reception point. 

8. (Original) A method according to claim 7 wherein the forward and backward 
ultrasonic waves are transmitted and received by first and second ultrasonic transmission-reception 
devices which are disposed in the conduit, the distance along the conduit between first and second 
ultrasonic transmission-reception devices being selected so that only one result of the subtraction 
falls into the possible propagation time range determined over possible working conditions of the 
ultrasonic apparatus. 
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9. (Original) A method according to claim 8 wherein the distance along the conduit 
between first and second ultrasonic transmission-reception devices is sleeted to satisfy the following 
relation. 

(Ls/C m in(Tniin) - Ls/CmaxCTmin)) ^ 1/f 

where: 

f: frequency of the ultrasonic waves in the sample gas 

C m in(T m in): the lower limit of the ultrasonic velocity (m/sec) through the sample gas at the 
lowest working temperature T min (Celsius degrees) 

C m ax(T m in): the upper limit of the ultrasonic velocity (m/sec) through the sample gas at the 
lowest working temperature T min (Celsius degrees) 

10. (Original) A method according to claim 7 wherein the inner radius of the conduit is 
selected so that the difference between the forward and backward propagation time is smaller than 
the cycle of the ultrasonic waves under the working condition of the sample gas. 

1 1 . (Currently amended) A method according to claim 7 wherein the inner radius of the 
conduit is selected to satisfy the following relation 

[[L]]j^y(C m in(T min )-Q max /(60000^ 2 )(600007ir 2 ) ) 

4[L]]j,s7(C m ^ 

where: 

L 5 : propagation length (m) 

R: inner radius of the conduit (m) 

f: frequency of the ultrasonic waves in the sample gas 

C min (T m i„): the lower limit of the ultrasonic velocity (m/sec) through the sample gas at the 
lowest working temperature T m j n (Celsius degrees) 

Qma X : the upper limit of the sample gas flow rate (litter/min) 

12. (Original) An oxygen concentration system for generating an oxygen enriched gas, 
comprising 
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an oxygen concentration apparatus for generating an oxygen enriched gas by adsorbing 
nitrogen to remove the nitrogen from the air; and 

an ultrasonic apparatus for measuring the concentration of the oxygen in the oxygen 
enriched gas and flow rate of the oxygen enriched gas, the ultrasonic apparatus comprising: 

a conduit for receiving and flowing the oxygen enriched gas; 

a first ultrasonic transmission-reception device mounted to the inside of the conduit; 

a second ultrasonic transmission-reception device mounted to the inside of the conduit to 
face the first ultrasonic transmission-reception device; 

a transmission-reception switch for switching the operation mode of the first and second 
ultrasonic transmission-reception devices between a transmission mode for transmitting ultrasonic 
waves and a reception mode for receiving ultrasonic waves; 

a temperature sensor, disposed in the conduit, for measuring the temperature of the oxygen 
enriched gas flowing through the conduit; 

the first ultrasonic transmission-reception device generating forward ultrasonic waves 
relative to the flow direction of the oxygen enriched gas when the device is in the transmission 
mode and generating backward waveform when the device is in the reception mode on the basis of 
the received ultrasonic waves generated by the second ultrasonic transmission-reception device; 

the second ultrasonic transmission-reception device generating backward ultrasonic waves 
relative to the flow direction of the oxygen enriched gas when the device is in the transmission 
mode and generating forward waveform when the device is in the reception mode on the basis of the 
received ultrasonic waves generated by the first ultrasonic transmission-reception device; 

means for generating trigger signals when the forward and backward waveforms pass over a 
predetermined level; 

means for generating forward and backward zero-cross signals when the forward and 
backward waveforms pass over a zero level; 

propagation time calculation means, coupled to the temperature sensor, the trigger signal 
generating means and the zero-cross signal generating means, for (1) calculating a possible 
propagation time range on the basis of the gas temperature detected by the temperature sensor, (2) 
determining whether or not the phases at which two first trigger signals, respectively generated on 
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the basis of the forward and backward waveforms, coincide with each other, (3) processing the zero- 
cross signals so that the phases coincide with each other if they do not coincide with each other, (4) 
obtaining reference zero-cross time instant by calculating mean value of the forward and backward 
zero-cross time instants, (5) obtaining an ultrasonic reception point by subtracting an integral 
multiple of the cycle of the ultrasonic waves so that the results of the subtraction falls into the 
possible propagation time range and (6) estimating the ultrasonic propagation time on the basis of 
the ultrasonic reception point. 

1 3 . (Currently amended) An ultrasonic apparatus An oxygen concentration system 
according to claim 12 wherein the distance along the conduit between first and second ultrasonic 
transmission-reception devices is selected so that only one result of the subtraction falls into the 
possible propagation time range determined over possible working conditions of the ultrasonic 
apparatus. 

14. (Currently amended) An ultrasonic apparatus An oxygen concentration system 
according to claim 13 wherein the distance along the conduit between first and second ultrasonic 
transmission-reception devices is sleeted to satisfy the following relation. 

(L|/Cmin(Tmin) " WC ma x(T m in)) < 1/f 

where: 

L s : propagation length (m) 

f: frequency of the ultrasonic waves in the sample gas 

Cmin(T m in): the lower limit of the ultrasonic velocity (m/sec) through the oxygen enriched 
gas at the lowest working temperature T min (Celsius degrees) 

C ma x(Tmin): the upper limit of the ultrasonic velocity (m/sec) through the oxygen enriched 
gas at the lowest working temperature T min (Celsius degrees) 

1 5 . (Currently amended) An ultrasonic apparatu s An oxygen concentration system 
according to claim 12 wherein the inner radius of the conduit is selected so that the difference 
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between the forward and backward propagation time is smaller than the cycle of the ultrasonic 
waves under the working condition of the oxygen enriched gas. 

1 6. (Currently amended) An ultrasonic apparatus An oxygen concentration system 
according to claim 12 wherein the inner radius of the conduit is selected to satisfy the following 
relation 

[[L]]I^7(C m i n (T min )-Q max /(600QO^ a X600007ir 2 )) 
■[[L]] L« /rC mi n(T m inHO mft J^OQQO^ a ¥600007ir 2 )K l/f 

where: 

L 5 : propagation length (m) 

R: inner radius of the conduit (m) 

f: frequency of the ultrasonic waves in the sample gas 

C m jn(T m jn): the lower limit of the ultrasonic velocity (m/sec) through the oxygen enriched 
gas at the lowest working temperature T mill (Celsius degrees) 

Qmax^ the upper limit of the oxygen enriched gas flow rate (litter/min) 

1 7. (Currently amended) An ultrasonic apparatus An oxygen concentration system 
according to claim 12 wherein the conduit includes a straight potion and perpendicular portions 
perpendicularly connected to the ends of the straight portion; 

the first and second ultrasonic transmission-reception devices are disposed in the 
perpendicular portions to face the ends of the straight portion; and 

the distance between the first and second ultrasonic transmission-reception devices and the 
respective ends of the straight portion of the conduit satisfying the following relation. 

0<D<f^/ €fxr 2 /C 

D: the distance (m) between the first and second ultrasonic transmission-reception devices 
and the respective ends of the straight portion 

f: frequency of the ultrasonic waves in the sample gas (Hz) 

r: inner radius of the conduit (m) 

C: velocity of the ultrasonic waves (m/sec) 
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1 8 . (Currently amended) An ultrasonic apparatus An oxygen concentration system 
according to claim 12 wherein the conduit is secured to the oxygen concentration apparatus at one 
point to allow the conduit to thermally expand in the longitudinal direction of the straight portion 
freely from external force which may be generated when the conduit is thermally deformed. 

19. (Currently amended) An oxygen concentration system for generating an oxygen 
enriched gas, comprising: 

an oxygen concentration apparatus for generating an oxygen enriched gas by adsorbing 
nitrogen to remove the nitrogen from the air; and 

an ultrasonic apparatus for measuring the concentration of the oxygen in the oxygen 
enriched gas and flow rate of the oxygen enriched gas, the ultrasonic apparatus comprising: 

a conduit for flowing an objective gas, the concentration of which is to be measured; 

a first ultrasonic transmission-reception device mounted to the inside of the conduit; 

a second ultrasonic transmission-reception device mounted to the inside of the conduit to 
face the first ultrasonic transmission-reception device; 

the conduit includes a straight potion and perpendicular portions perpendicularly connected 
to the ends of the straight portion; 

the first and second ultrasonic transmission-reception devices are disposed in the 
perpendicular portions to face the ends of the straight portion; and 

the distance between the first and second ultrasonic transmission-reception devices and the 
respective ends of the straight portion of the conduit satisfying the following relation. 

0<D<^/G fxr 2 /C 

where: 

D: the distance (m) between the first and second ultrasonic transmission-reception devices 
and the respective ends of the straight portion 

f: frequency of the ultrasonic waves in the sample gas (Hz) 

r: inner radius of the conduit (m) 

C: velocity of the ultrasonic waves (m/sec) 
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20. (Original) An oxygen concentration system according to claim 19 wherein the inner 
diameter of the straight portion is smaller than the outer diameter of first and second ultrasonic 
transducers. 

21 . (Original) An oxygen concentration system according to claim 19 wherein the 
conduit is secured to the oxygen concentration apparatus by means for allowing the longitudinal 
deformation of the straight portion freely from external force which may be generated when the 
conduit is thermally deformed. 

22. (Original) An oxygen concentration system according to claim 19 wherein the 
conduit is secured to the oxygen concentration apparatus at one point to allow the conduit to 
thermally expand in the longitudinal direction of the straight portion freely from external force 
which may be generated when the conduit is thermally deformed. 
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